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OBJECT

To evaluate 70/30 Cyclotol and 75/25 Cyclotol for use as bursting
charge explosives in HE and HEAT ammunition.

SUI44AY

The Holston Defense Corporation developed a process for manufactur-
ing 75/25 Cyclotol which in the molten state Is sufficiently fluid to be
loaded with the equipment and by the methods now used for melt-loading
Composition B. As the great potential energy of 75,/25 Cyclotol was thought
to be advantageous for increasing the effectiveness of HE and BEAT ammuni•
tion, tests were made to evaluate it, and 70/30 Cyclotol made from it by
adding TNT, for these types of ammunition.

It was found in static tests that 3.5 Inch HEAT Rocket Heads contain-
ing 75/25 Cyclitol bursting charges penetrated on the average 14.7 to 14.9
inches of mild steel, and similar heads containing 70/30 Cyclotol bursting
charges penetrated 14.3 and 1.4.4 inches of mild steel in parallel tests;
whereas 3.5 Inch Rocket Heads containing Composition B penetrated 14.2, 14.4,
and 14.6 inches of mild steel under the same or similar conditi*ons. Similar
differences in steel-penetrating ability were found in static tests of
105 mm. M324 HEAT Shell containing bursting charges of 75/25 Cyclotol, 70/30
Cyclotol, and Composition B, respectively.

In pit fragmentation tests of 90 mm M71 HE Shell, 75/25 Cyclotol-
loaded shell produced approximately 1,500 fragments as compared with 1,350
fragments for 70/30 Cyclotol-loaded shell and 1.100 fragments for Composi-
tion B-loaded shell. In pit fragmentation tests of 105 mm M! HE Shell,
75/25 Cyclotol-loaded shell produced approximately 2,330 fragments as com-
pared with 2j70 and 2,070 for 70/30 Cyclotol-loaded shell and Composition
B-loaded shell, respectively.

70/30 CycJotol as manufactured by dilution of 75/25 Cyclotol with TNT
was equivalent in viscosity to Grade A Composition B. 75/25 Cyclotol was
much more viscous than 70/30 Cyclotol or Grade A Composition B and diffi-
culty was experienced in obtaining good castings in some ammunition items.

In a large impact drop test, cast 75/25 Cyclotol was found to be
slightly more sensitive to impact than cast Composition B, which in turn
was slightly more sensitive than cast 70/30 Cyclotol, All three explosives
had essentially the same sensitivity to rifle bullet Impact.

In 1000 C and 1200 C Vacuum Stability Tests (40 nours each) there was
less than 3/4 ml of gas evolved in each test for 75/25 Cyclotol and 70/30
Cyclotol.

CONCLUSIONS

The ability of non-rotated HEAT ammunition to penetrate steel can be
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increased slightly, possibly 2 to 3 per cent, by loading the metal parts
assemblies with 75/25 Cyclotol instead of Composition B. The small ad-
vantage gained, however, may be offset by greater difficulty in meeting
density and cavity standards due to the higher viscosity of molten 75/25
Cyclotol as presently manufactured.

There is no apparent advantage in replacing Composition B with 70/30
Cyclotol made from 75/25 Cyclotol as the explosive filler for HEAT rounds.

The effectiveness of ammunition designed for fragmentation effect
can be increased by loading the metal parts assemblies with 75/25 Cyclotol
or 70/30 Cyclotol instead of Composition B. The greater potential effect-
iveness of 75/25 Cyclotol may be offset by difficulty in loading, which
would render 70/30 Cyclotol a good compromise from the production point of
view.

RECOMNDATIONS

It is recommended that:

a. 75/25 Cyclotol (as presently manufactured at Holston Ordnance
Works) not be used in shaped charge items except where the slight gain in
penetration is considered absolutely necessary.

b. 70/30 Cyclotol" not be used to replace Composition B in shaped
charge items.

c. 70/30 Cyclotol be considered favorably for use as the HE
filler in fragmentation type shell and fragmentation bombs.

d. Studies be continued to develop low viscosity cyclotols of
high RDX content.

A
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INTRODUCTION:

1. In 1950 the Holston Defense Corporation developed a process for
manufacturing highly fluid RDX/TNT mixtures (cyclotols) containing up to
75 per cent of RDX, and produced approximately 12,000 pounds of 75/25
Cyclotol in 100-pound batches. This was an important advance in explosives
technology as it made possible the use of ordinary melt-loading techniques
for preparing 70/30 Cyclotol and 75/25 Cyclotol charges. 75/25 Cyclotol
made prior to this had been too viscous in the molten state to be pourable.

2. The process employed is described in detail in Reference A. It
involved production of coarse equant RDX crystals by recrystallization
from cyclohexanone, melting and recasting Composition B taken from war-
time stocks to reduce its apparent viscosity, and then incorporation of
the coarse RDX crystals with the recast Composition B and TNT in the pro-
portion of 60:25:15 in the same manner as RDX and TNT are combined in the
manufacture of Composition B.

3. As the great potential energy of 75/25 Cy.clotol was thought to
be advantageous for increasing the effectiveness of HE and HEAT ammunition,
the development of a potential source of supply of this explosive led to
an extensive investigation of its properties and behavior in several
standard Ordnance projectiles. The initial work was conducted with 3,000
pounds of 75/25 Cyclotol from the 12,000-pound lot (Lot HOL-E-5-1) refer-
red to in Paragraph 1. Additional quantities from other lots were obtained
subsequently. The study included the tests proposed in Reference B to
evaluate 75/25 Cyclotol and 70/30 Cyclotol in comparison with Composition B
for use as explosive filler for the 3.5 Inch M28A2 Rocket, and the tests
authorized in Reference C, which were intended to establish whether 75/25
Cyclotol has sufficient merit for use in the 105 mm HE Ml Shell to warrant
more extensive testing.

4. This report was prepared to gather under one cover the information
obtained to date at this Arsenal in tests made to evaluate the Holston
75/25 Cyclotol and 70/30 Cyclotol made by diluting the 75/25 Cyclotol with
TNT.

RESULTS:

5. The viscosity of the 75/25 Cyclotol of Lot HOL-E-5-1 in a molten
state varied from box to box over the range of 9 to 14 seconds at 850 C in
tests by the efflux method currently used in acceptance tests of Composition
B. The viscosity of 70/30 Cyclotol made from the 9-second 75/25 Cyclotol
by adding TNT was approximately 5 seconds. While even the most viscous
75/25 Cyclotol tested was pourable at 870 to 890 C, some difficulty was ex-
perienced in melt-loading this material into 2.36 Inch Rocket Heads and
shell because it tended to entrap air and did not flow well into narrow
regions in the charge cavity. These difficulties were not encountered in
melt-loading the 70/30 Cyclotol.
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6. The steel-penetrating ability of 3.5 Inch M28A2 HEAT Rocket Heads
containing explosive charges of 75/25 Cyclotol, 70/30 Cyclotol, Composition
B, and 50/50 Pentolite respectively, was determined in several series of
static tests. The data pertaining to each test are presented in Table I.
The following is a summary of the results of these tests:

75/25 70/30 Composition 50/50
Metal Parts Lot HB 1-39 Cyclotol Qycol B Pentolite

Number of tests 10
*Penetration, inches, avg 14.4
Penetration, inches, max 15.1
Penetration, inches, min 13.0
Standard deviation, inch 0.65

Metal Parts Lot HB 1-42

Number of tests 12 12 10
*Penetration, inches, avg 14.7 14.3 14.2
Penetration, inches, max 15.2 15.0 15.1
Penetration, inches, min 13.8 13.2 13.1
Standard deviation, inch 0.36 0.52 0.56
Density of explosive charge, 1.699

gm/cc, average

Metal Parts Lot HB 1-74

Number of tests 13 14 13 15
*Penetration, inches, avg 14.9 14.4 14.6 13.7

Penetration, inches, max l6o i 15.7 15.6 15.0
Penetration, inches, min 13.8 12.9 13.5 12.4
Standard deviation, inch o.63 0.79 o.62 0.75
Density of explosive charge, 1.699 1.699 1.673 1.657

gm/cc, average

7. The steel-penetrating ability of 2.36 Inch T59E3 HEAT Rocket Heads
containing explosive charges of 75/25 Cyclotol, 70/30 Cyclotol, Composition
B, and 50/50 Pentolite, respectively, was determined in static tests. The
results of each test are presented in Table II. The following is a summary
of the data:

Number Penetration** of Target
of -(inches)
Tea Avg Max Min Std Deviation

75/25 Cyclotol 1!

First group 15 8.4 11.5 6.4 1.61
Second group 10 10.1 13.2 6.7 1.99

*Depth of hole formed in mild steel target. Standoff was 4.2 inches.
**Depth of hole formed in mild steel target. Standoff was 4.8 inches.
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Number Penetration**of Target
of " (inchs)
70/3 aTests A Max Min 8td Deviation70/30 Cyclotol-- ______

First group 15 9.8 11.9 8.0 1.16
Second group 10 11.3 12.7 9.0 1.03

Composition B 15 10.1 12.0 7.8 1.05

50/50 Pentolite 10 10.3 12.1 6.5 L72

8. The steel-penetrating ability of 105 mm M324 (T43) HEAT Shell
containing explosive charges of 75/25 Cyclotol, 70/30 Cyclotol, and Composi-
tion B, respectively, was determined in static tests. The results of these
tests are presented in Table III. The following is a summary of the data:

Number Penetration * of Target
of (inches)

Tests Avg Max Min Std Deviation

75/25 Cyclotol 3 * 23.0 23.3 22.6 0.61
70/30 Cyclotol 11 22.0 23.5 21.1 O.69
Composition B 10 22.2 23.1 21.0 0.73

9. Pit fragmentation tests of 90 mm M71 and 105 mm M1 HE Shell contain-
ing bursting charges of 75/25 Cyclotol, 70/30 Cyclotol, and Composition B,
respectively, were conducted to determine the relative effectiveness of these
explosives in projectiles designed for fragmentation effect. The fragments
from typical shell in the six groups of tests are shown in the inclosed photo-
graphs (M-38643, M-38968, M-31219, M-39454, M-39458, and M-39456, in order
of caliber and kind of bursting charge). The data from all the tests except
those of the 90 mm shell containing Composition B are presented in the in-
closed fragmentation test record sheets. The data from the tests of the 90 mm
Composition B-loaded Shell are presented in Reference D. The following is a
summary of the pit fragmentation test results:

* *Depth of hole formed in mild steel target. Standoff was 4.8 Inches.
*Depth of hole formed in mild steel target. Standoff was 6.5 inches. The

loaded shell were not rotated during these tests.
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Density of
Explos ive

Number Charge Fragents Retained on No. 4* Screen•
of (gm/cc, Total Number Percent of 0i'•6rial

Tests average) Avg Max Min Metal Reccvered

90 mm M71 Shell

75/25 Cyclotol 10 1.72 1514 i604 1448 96.7
70/30 Cyclotol 10 1.71 1357 1457 1280 96.7
Composition B 8 -- 1104 1153 lo66 97.7

.105 mm. MI Shell

75/25 Cyclotol 10 1.70 2331 2595 2169 95.8
70/30 Cyclotol 10 1.69 2465 2595 2291 96 2
Composition B 10 1.67 2065 2280 1697 97,0

10. One hundred 105 mm Ml Shell were loaded wita 75/25 CyclotcJ of
Lot HOL-E-5-1 for proving ground tests in comparison with 105 mm M1 Shell
containing Composition B. Ninety-five of the shell containing 75/25 Cyclotol
have been tested to date. The results of these tests are recorded in
Jefferson Proving Ground Firing Record No. 144531, copy inclosed. The
following tests were made:

Safety Test - Fifty rounds with inert fuze and with propelling charge adjusted
to give a pressure of about 36,400 psi were conditioned at 70OF and then
fired for graze impact.

High temperature test - Fifteen rounds with inert fuze and with normal pro-
pelling charge were conditioned at 160&F and then fired for graze impact.

Functioning at various temperatures test - Ten rounds with live fuzes w-r..
conditioned at 70-7 and then fired for graze impact. This test was repeated
with two groups of 10 rounds each, one group having been condAtioned It -40 0 F,
and the other at 1259F, and maintained at these temperatures until just before
being fired.

No malfunctioning was noted in any of these tests.

* No. 4 sieve was used in accordance with standard procedure, stnce
these fragmentation tests were performed prior to information that
smaller than 4-mesh fragments are significant in fragmentation.
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11. The detonation velocity of cast 75/25 Cyclotol, 70/30 Cyclotol
and Composition B charges having densities approximately the same as those
of the explosive charges in the fragmentation and steel-penetration tests
were determined by two methods, one involving a rotating drum camera, the
other a Potter Counter Chronograph. The individual values from these tests
are given in Table IV. The averages of the values are:

Density Rate of Detonation
of Charge (meters per second)

(gm/cc) Potter Chronograph Drum Camera

75/25 Cyclotol 1.70 8035
1.71 7938

70/30 Cyclotol 1.69 7893
1.70 7919

Composition B •1.67 7770
1.69 7827

12. The sensitivity of cast charges of 75/25 Cyclotol, 70/30 Cyclotol
and Composition B was determined by rifle bullet and falling weight tests.
The following results were obtained in these tests:

RIFLE BULLET TESTS

Data for Standar* Test

Composition B 70/30 Cyclgtol 75/25 Cyclotol
(Lot HOL-3-6) Lot No.- Lot HOL-E-5-

Test No. I Test No. 2
Type of No. of Actions No. of Actions No. of Actions No. of Actions
Action in 10 Trials in 10 Trials in 30 Trials in 10 Trials

Unaffected 1 7 1 3
Smoke 5 2 5 4
Burning 2 0 0 0
Low Order "d 0 1 4 0
High Order - 2 0 0 3

a - Standard bombs require standard black iron pipe nipple 2" diameter x 3"

length with standard threaded caps
b - 70/30 Cyclotol made by diluting 75/25 Cyclotol (ROL-E-5-1) with TNT
O- Lov Order Explosion occurs but some explosive remains after the reaction

- High Order * Explosion occurs but no explosive remains after the reaction

8
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Data for Modified. Test

70/30 75/25
Composition B Cyclotol Cyclotol
(Lot HOL-3-6) Lot No. Lot HOL-E-5-1

Test Test Test Test
No. 1 No. 2 No. 3 No. 4
No. of No. of No. of No. of No. of No. of

Type Actions Actions Actions Actions Actions Actions
of in 10 in 10 in 10 in 10 in 9 in 10

Action Trials Trials Trials Trials Trials Trials
Unaffected 1 2 1 1 0 0
Smoke 4 6 3 7 2 3
Burning . 4 0 0 0 1 0
Low Order- 1 2 5 2 6 7
High Order,- 0 0 1 0 0 0

Falling Weight Tests

Firing Caused by 100-kg Weight
Falling (feet)*

75/25 Cyclotol

Test #1 2
Test #2 l½

70/30 Cyclotol

Test #1
Test #2
Test #3 2

Composition B

Test #1 2
Test #2 21

13. Samples of 75/25 Cyclotol and 70/30 Cyclotol were subjected to
the 1000C and the 1200C Vacuum Stability Tests. The results are presented
in Chemical Laboratory Report No. 137460, copy inclosed. The amount of
gas liberated from a 5-gram sample in 40 hours in these tests did not
exceed 0.75 milliliter.

a - Modified bombs (Dwg PX-7-638)
- Low Order Explosion occurs but some explosive remains after the reaction

S- High Order Explosion occurs but no explosive remains after the reaction
*Minimum height of fall at which at least one detonation or burning occurred

in 10 trials, each with a new sample of explosive.
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DISCUSSION OF RESULTS:

14. The viscosity of the 75/25 Cyclotol in a molten state did not
receive much attention at first as the first few boxes of Lot lOL-E-5-1
opened apparently contained low-viscosity material and no difficulty was
encountered in loading either it, or the somewhat more fluid 70/30 Cyclotol
made from it. Viscosity determination made early in the study gave the
following results:

75/25 Cyclotol 70/30 Cyclotol Comp B*

Test No. 1 2 1 2 1 2

Viscosity at 810C, efflux seconds 10.6 11.6 5.7 5.6 5.7 5.6
Viscosity at 85°C, efflux seconds 8.7 8.8 4.6 4.7 4.8 4.9
Viscosity at 880C, efflux seconds 7.4 7.8 4.1 4.2 4.2 4.1

15. A few months later when 105 mm M1 HE Shell were being loaded with
75/25 Cyclotol of Lot HOL-E-5-1, it was noted that the molten explosive
was very viscous and that a great many small air bubbles were entrapped in
the bursting charge when it solidified. A great many of these shell were
rejected when they were inspected as the cavities present exceeded the limits
set by Specification No. 50-15-5D (Loading of HE Shell with TNT, 50/50 Amatol,
and Composition B, Casting Methods, Assembling and Packing). Viscosity
measurements made on the 75/25 Cyclotol being used at that time gave erratic
results ranging for one sample from 13.9 to 17.6 seconds and for another from
10.1 to 13.8 seconds, all at 85°C.

16. The viscosity of the 75/25 Cyclotol in use during the loading of
the 3.5 Inch Rocket Heads was apparently fairly low as no serious loading
problems were encountered. But during the loading of the 105 mm M324 HEAT
Shell, the high viscosity of the 75/25 Cyclotol resulted again in rejection
because of excessive amounts of entrapped air in the explosive charges.

17. In attempting to solve the problem of loading the high-viscosity
75/25 Cyclotol satisfactorily the number of pours, pouring temperature,
and stirring -technique were varied. Keeping the melting and pouring tempera-
ture between 860 and 900C seemed to be beneficial. From the following data
it was concluded that holding the molten explosive at thýs temperature has
little effect on the viscosity.

*Lot HOL-3-6
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Viscosity at 85 C
(efflux seconds)

75/25 Cyclotol* immediately after melting 14.5
75/25 Cyclotol maintained at 860C for 1 hour 14.0
75/'25 Cyclotol maintained at 860C for 2 hours 14.5
75/25 Cyclotol maintained at 860C for 3 hours 14.0

18. Further work is required to establish whether the viscosity of
75/25 Cyclotol has a marked effect on the viscosity of 70/'30 Cyclotol
made from it by adding TNT. At present it is known only that the 70/30
Cyclotol used in the experiments described in this report was sufficiently
fluid to be loaded readily.

19. From the summaries of data in Paragraphs 6, 7, and 8 it is judged
that use of 75/25 Cyclotol as presently manufactured in place of Composition
B as explosive filler for HEAT ammunition would yield little if any improve-
ment in performance at the target, and that no improvement would be derived
from the use of 70/30 Cyclotol. In the tests made with 3.5 Inch Rocket
Heads and 105 mm M324 Shell as test media the performance of 75/25 Cyclotol
was 2 to 3.6 per cent better, as judged from the averages of the depth of
penetration values, than that of Composition B. The 2 per cent difference
was in the seriesin which 3.5 Inch Rocket Heads of metal parts Lot No. HB-1-74
was the test medium. The 3.6 per cent difference was in the series of tests
with the 105 mm M324 Shell. The fact that the mass of metal surrounding the
explosive charge in the M324 Shell is much greater than that around the charge
in the 3.5 Inch Rocket Heads may account for the better performance of 75/25
Cyclotol in the M324 Shell. Significantly different performance between
M324 Shell containing Composition B and M324 Shell containing 75/25 Cyclotol
when these shell are fired from a gun against armor would not be expected
because of the degrading effect of rotation on plate-penetrating ability.

20. It is noteworthy that in the tests in which 2.36 Inch Rocket Heads
were the test medium the variability in results was so great that no definite
conclusion regarding the relative effectiveness in this head of tne four
explosives tested seems warranted, On the basis of the averages of the
penetration values for each explosive it appears that 70/30 Cyclotol is
slightly superior to 50/50 Pentolite, which outperformed Composition B,
which in turn appears equal to or better than 75/25 Cyclotol, depending
on which group of tests is considered. The high viscosity of the molten
75/25 Cyclotol is believed to be a factor in the poor performance of this
explosive in this series of tests as the explosive was too viscous .to flow
properly into the narrow region around the base of the conical liner. It
has been shown in other studies that cavities in the explosive charge in
this region may be responsible for erratic performance.

21. While 70/30 Cyclotol and 75/25 Cyclotol appear to offer little
advantage in increasing the penetration ability of HEAT ammunition both
explosives show promise for use in fragmentation items where a large number

*Lot HOL-5-16 (1951)
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of fragments and high fragment velocity are desired. High number of
fragments and high fragment velocity are usually concomitant with high
detonation velocity which is characteristic of these explosives. It is
noted that in the tests of the 105 mm M41 HE Shell, 75/25 Cyclotol produced
a smiler number of fragments than did 70/30 Cyclotol. This discrepancy
may have been due to failure to recover some of the fragments from 75/25
Cyclotol filled shell because they were so small they passed through the
No. 4* sieve used to separate fragments from the sand. In any case both
of these explosives were definitely superior to Composition B with respect
to fragmentation efficiency. They must be considered, therefore, as pos-
sible replacements for Composition B in fragmentation items.

22. It is noted that while 75/25 Cyclotol was indicated by the falling
weight tests to be slightly more sensitive than tke other two explosives,
all three explosives appear to be essentially equivalent with respect to
sensitivity to rifle bullet impact. It should be noted, also, that in
safety and functioning tests conducted at Jefferson Proving Ground with 105 mm
Ml HE Shell loaded with 75/25 Cyclotol (JPG Firing Record No. 144531, copy
inclosed) all rounds fired without mishap and functioned properly.

23. It is believed that the 75/25 Cyclotol will be somewhat more dif-
ficult to load in production than Composition B to meet present cavity
requirements. 70/30 Cyclotol, however, sboul.d present no greater diffi-
culties than are now experienced with Composition B.

- 24. While there was no reason to believe tnat the thermal stability
of either 75/25 Cyclotol or 70/30 Cyclotol would be unsatisfactory, it is
of interest that the results of the 1000C and 1200 C Vacuum Stability Tests
indicate that both explosives are of excellent stability, being comparable
with TNT and Composition B in this respect.

EXPERIMENTAL PROCEDURE

25. Loading of 3.5 Inch M28A2 Rocket Heads

a. 75L25 Cyclotol. Each rocket head was heated to approximately
70°C. The 7T25 Cyclotol was melted in a steam-heated melt kettle, heated
to 870 - 89'C, and maintained with agitation at that temperature. The
rocket head was assembled with a combination riser and thread protector
(Pc Nk DP-64699-BI) which had been heated to approximately 700C. The molten
explosive was then poured slowly into the rocket head and riser until the
latter was almost filled. When the explosive charge had solidified, the
riser was removed and the surface of the explosive charge faced off to a
depth of 0.520 / .015 inch as required by Dwg 82-16-36 rev 5-18-49.

* No.4 sieve was used in accordance with standard procedure, stnce these
fragmentation tests were performed prior to information that smaller than
4-mesh fragments are significant in fragmentation.

CONFIDENTIAL
SECURITY INFORMATION



CONFIDENTIAL
srcuTY INORMUATION

b. 72/30 Cyclotol. The 70/30 Cyclotol was prepared by adding TNT
to 75/25 Cyclotol. The TRT was first melted and then the 75/25 Cyclotol
was added. The molten explosive was heated to 860 - 870C and maintained at
this temperature with agitation. Each rocket heLd was loaded as for 75/25
Cyclotol except that the rocket head was only warmed to approximately 350C
and the explosive was poured at 860 - 870C.

c. Composition B. The Composition B was melted, heated to 850 -
86°C and maintained at that temperature with agitation. Each rocket head
was loaded as for 75/25 Cyclotol except that the rocket head was only warmed
to approximateIY35oc and the explosive poured at 850 - 860 C.

d. 50/50 Pentolite. The 50/50 Pentolite was melted, heated to 87°C
and maintained at that temperature with agitation. Each rocket head was
warmed to approximateVy35°C. The molten pentolite, at 87°C, was poured
into the head to Just above the apex of the cone. The explosive was allowed
to cool to a mushy consistency; any crust on the surface of the charge was
broken down during the cooling. A second pour of pentolite (at 830C) was
made to approximately 2 inches below the base end of the head. The explosive
was allowed to cool as before with frequent break down of crusts formed on
the surface of the charge. A third pour was made to approximately 1 inch
below the base end. After approximately 1 minute the combination thread
protector and riser was assembled to the head and pentolite (at 870C) poured
into the head and riser until the latter was almost filled. The explosive
was allowed to solidify. The riser was removed and the surface of the ex-
plosive faced off as for the heads loaded with the other explosives.

26. Loading of 2.36 Inch T59E3 Rocket Heads:

a. 75/25 Cyclotol. Each rocket head was heated to approximately
70 C. The 75/25 Cyclotol ras melted, heated to 870 - 890C, and maintained
at that temperature with agitation. The molten explosive was poured into
the head to a distance of approximately 1/4" from the base of the head.
Immediately a ring (SK 10163A) was set over the base of the head and a card-
board riser (6 inches long, 2 inches outside diameter and 1/10 inch wall
thickness) set on top of the ring. Molten explosive was then poured into
the head and riser until the latter was approximately 3/4 full. The explo-
sive was allowed to solidify and the riser and ring then removed. The excess
explosive at the base of the charge was removed by use of a steam-heated
iron until the surface of the explosive was flush with the end of the rocket
head. The booster cavity was then drilled as prescribed on Dwg TR 171
rev 4/17/47.

b. 70/30 Cyclotol. The cyclotol was prepared as described in
Paragraph 25b. The rocket head was loaded as described for 75/25 Cyclotol
except that the rocket head was only warmed to approximately 35 C and the
explosive poured at 86o- 870C.

13
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c. Comsition B. The rocket head was loaded with Composition B
as described for 75/25 Cyclotol except that the rocket head was only warmed
to approximately 350 C and the explosive poured at 850 86°C

d. 50/50 Pentolite, The rocket head was loaded with 50/50 Pento-
lite as described for 75/25 Cyclotol except that the rocket head was only
warmed to approximately 35 0 C and the explosive poured at 830C.

27 Loading of 105 mm M324 (T43) HEAT Shellý

a. 75/25 CYclotol. 75/25 Cyclotol at a temperature of 870 - 890C
was poured into the shell to a distance of approximately 5" from the base
end. The explosive was allowed to cool to a mushy consistency; any crust
formed on the surface of the charge was broken down during the cooling. A
second pour was made to a distance of about 1-1/2" from the threads at
the base of the shell. The explosive was again allowed to cool to a mushy
consistency with frequent breakdown of the crust formed on the surface of
the charge. A riser (Pc Mk SK 14539) was then inserted at the base end of
the shell and 75/25 Cyclotol (at a temperature of 87° - 890C) was poured
into the shell and riser until the latter was almost filled. When the
explosive had solidified, the riser was removed and the booster cavity
drilled in accordance with rwg P-74537, rev 8/31/45.

b. 70/30 Cyclotol. The 70/30 Cyclotol was prepared as described
in Paragraph 25b. The shell were loaded in the same manner as 75/25
Cyclotol except that the explosive was poured at approximately 860C.

c. Compostion B. The shell were loaded in the same manner as
described for 75/25 Cyclotol except that the explosive was poured at
approximately 850C.

28. Loading of 90 mm M71 HE Shell,

a. 75/25 Cyclotol. A ring (SK-5213) and a riser (Pc Nk S0 1153D)
were set in the nose end of the shell. The 75/25 Cyclotol, heated to 87 -
890C, was poured into the shell and riser until the latter was almost filled.
When the explosive had cooled, the riser was removed and the booster cavity
drilled in accordance with Dwg 75-14-305 rev 8/15/45.

b. 70/30 Cyclotol. The Cyciotol was prepared as described in
paragraph 25b. The shell were loaded as described for 75/25 Cyclotol except,
that the explosive was poured at approximately 860C.

29. Loading of 105 mm M1 HE Shell:

a. ^ /25 Cyclotol. The 75/25 Cyclotol, aT a temperature of ap-
proximately C was poured into the shell to a distance of approximately
3 to 4 inches from the nose of the shell. The explosive was allowed to cool
to a mushy consistency; any crust formed on the surface of the charge was
broken down during the cooling. A ring (SK-5213) and riser (Pc 4k SO 1153D)

14
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were set in the nose of the shell and 75/25 Cyclotol poured into the shell
and riser until the latter was almost fIlled. When the explosive had
solidified, the riser was removed and the booster cavity drilled in accord-
ance with Dvg 75-14-2c6, rev 4/ll/L9

b. 70/30 Cyclotol. The 70/30 Cyclotol was prepared as described
in Paragraph 25b. The shell were loaded in the same manner as for 75/25
Cyclotol except that the explosive was poured at 860 c.

c. Composition B. The shell were loaded in the same manner as
for 75/25 Cyclotol except that the explosive was poured at 85°C.

30. Loading of Rate of Detonation Sticks,

a. 75/25 Cyc~lotol. A paper tube (approximately 20" long x 1" OD
x 0.8 to 0.9 Inch ID) was inserted into a cylindrical brass mold with a z
1" ID. The 75/25 Cyclotol was melted, heated to 870 - 890 C and maintained
at that temperature with agitation. The molten explosive was poured into
the tube in the mold to a distance about 2" below the top, A funnel (Pc Mk
BP-33555) was inserted in the top of the mold and the pouring of the explo-
sive was continued until the funnel was 3/4 full. The explosive was alloved
to solidify and the riser was then removed. The excess explosive was removed
from the charge and the end surface was smoothed off with a steam heated iron
until the surface of the explosive was flush with the end surface of the tube.

b. 70/30 Cyclotol, The Cyclotol was prepared as described in
Paragraph 25b. The rate of detonation stick was loaded as described for
75/25 Cyclotol (Paragraph 30a) except that the explceive was poured at 860C.

c. Composition B. The stick was loaded as described for 75/25
Cyclotol except that the explosive was poured %t 85 - 86°co

Note: The above explosive sticks were prepared for rate of detonation tests
with the Potter Chronograph. For rate determi'matirons by the drum camera
method, the explosive sticks were prepared as described above except that
the explosive was cast directly in the mold, thus eliminating the use of a
confining paper tube.

31. Loading of Cups for Large Impazt Test.

a. 75L25 CYclotol. A fuznnel (SO 1153D) was assembled to each
impact test cup Drawing FX-7-616, rev 9,22/49). The 75/25 Cyclotol was
melted, heated to 87r - 890 C and maintained at that temperature with agita-
tion. The molten explosive was poured into the cup and funnel until the
latter was approximately 1/4 full. The explosive was allowed to solidify
and the riser was then removed. The excess explosive was smoothed off with
a steam-heated iron until the surface of the explosive was flush with that
of the cup.

'15
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b. 70/30 Cyclotol. The cyclotol was prepared as described in
Paragraph 25b. The impact test cup was loaded as described in Paragraph
31. except that the explosive was poured at 860 C.

c. Composition B. The cup was loaded as described for 75/25
Cyclotol except that the explosive was poured at 85 - 86WC.

32. Loading of Rifle Bullet Impact Sensitivity Bombs

a. 75/25 Cyclotol. The 75/25 Cyclotol was melted, heated to
870 - 890C and maintained at that temperature with agitation. The standard
bomb (standard pipe nipple 2" diameter x 3" long with standard caps) was
disassembled and the nipple was placed on a flat brass surface. Two rings
(SK 5213 and SK 21957A) were affixed to the t:)p surface of the nipple and
the explosive was poured in-o the nipple and rings until the top ring was
nearly full. The explosive was &oll•vwed t.; solidify and the rings were
removed. The excess explosive was smoothed off with a steam-heated iron
until the surface of the explosive was flush with that of the top surface
of the nipple. The threads were wiped clean of explosive and the caps
were threaded on the nipples. Each modified bomb ýDwg PX-7-638, dated
5/16/50) iad a welded steel cover plate and a removable steel bolted plate.
The bolted plate was removed and the bomb wa6 2oaded in the same way as the
standard bomb.

b. 70/30 Cyclotol. The cyclotol was prepared as described in
Paragraph 25b. The standard and modified bom1is were loaded as described
in Paragraph 32a except that the explosive was poured at 860 C.

c. Comosition B. The standard and modified bombs were loaded
as described for 75/25 Cyclotol except that the explosive was poured at
85 - 86°c.

33. Sta.tic Penetration Tests of 3.5 Inch M28 Rocket Heads.

Each head was set over a stack of 17 mild steel plates (top 5 plates
were 5" x 5" x 1" and bottom 12 plates were 4" x 4" x 1" so that the nose of
the ogive rested on the top plate. The head was supported by means of a
cardboard tube and the total standoff distance was 4.2 inches. A standard
booster (booster cup Pc Mk 73-10-38 F8 , rev 3/7/50) and a pressed tetryl
pellet, (0.63 inch in diameter, 0.63 inch in length and weighing 4.88 grams)
was used to initiate these heads. A hole 9/32 Inch in diameter was drilled
in the detonator holder (Pc Nk 73-l.-38E9, rev 3/7/50) to +Ake a du Pcnt No.
6 Electric Blasting Cap. The charge was fired and the penetration measured
to the nearest 0.1 inch.

34. Static Penetration Tests of 2.36 Inch T59•E.3 Rocket Heads:

Each head was set over a stack of 14 mild steel plates (each, 4" x
4" x 1") using a cardboard tube to give a total standoff distance of 4.8
inches. A pressed tetryl booster pellet (0.92 inch in diameter x 0.62 inch

CONFIDENTIAL

SECURITY INOMATION

.JI."



CONFIDENTIAL
SECURITY INFORMATION

long and weighing 10.9 grams) was inserted In the b:,,ster eavity and a
du Pont No. 6 Electric Blasting Cap centered over the booster pellet by
means of a wooden detonator holder. The charge was fired and the penetra-
tion was measured to the nearest 0.1 inch.

35. Static Penetration Tests of 105 mm (T43) HEAT Shell:

Each shell was placed over a stack of 25 mild steel plates (top 6
plates were 6" x 6" x 1" and bottom 19 plates were 5" x 5" x 1"). The
ogives were cut off so that the total standoff distance was 6.5 inches.
A pressed tetryl pellet (1.39 inches diam x 0.51 inch length, having a mini-
mum density of 1.55 gm/cc) was inserted in the booster cavity. A Type II
U. S. Army Special Blasting Cap was then centered over the booster pellet by
means of a special wooden detonator holder. The charge was fired and the
penetration measured to the nearest 0.1 inch.

36. Fragmentation Tests of 90 mm M71 HE Shell and 105 mm M1 HE Shell.

Each shell was fragmented in sand in accordance with procedure out-
lined in Picatinny Arsenal Testing Manual No. 5-1 dated 24 August 1950,
"Fragmentation Testing Procedures".

37. Vacuum Stability Tests.

Tests were mde at 1000 C and 1200 C in accordance with procedures
described in Reference E.

38. Rate of Detonation Tests:

a. Potter Counter Chronograph Method - Ionization pickups, in
the form of twisted insulated wires, with ends cut off, were taped to each
end of the charge (.8 to .9" diameter x 20" length) and connected through
a battery circuit to a Potter Counter Chronograph which was used to measure
the detonation time. Each charge was boostered by three tetryl pellets
2 of which were solid and the third contained a central hole to accept a
Type II U. S. Army Special Blasting Cap (used as the initiator). The pellets
were 1 inch in-diameter, 3/4 inch high and had a density of 1.59 gm/cc. Each
charge was taped to a wooden board and secured by a heavy weight.

b. Drum Camera Method - Each charge (I inch diameter x 20 inches
length) was wrapped in one or two thicknesses (0.003 inch thickness per wrap)
of cellulose acetate film. The charges were suspended in the firing chamber
and were initiated by 2 pressed tetryl pellets (I inch diameter x 1/2 inch
high, one solid and one drilled) and a Type II U. S. Army Special Blasting
Cap. The rotating camera recorded the flashes and the rates were determined
from the film.
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39. Viscosity Determinations - Efflux viscosities were determined in
accordance with the method described in Specification JAN-C-401 (Composition
B) except that the samples were melted in a steam bath instead of in the
melt pot prescribed.

40. Rifle Bullet Impact Sensitivity Test - Standard bombs (standard
pipe nipple 2 inches diameter x 3 inches length with standard caps, loaded
with explosive) and modified flat-target faced bombs (Dwg PX-7-638 dated
5/16/50) were tested. Standard bombs were placed with axis of cylinder
perpendicular to ground, while the modified bombs were placed with axis of
cylinder parallel to the ground and the target face perpendicular to the
line of fire. Cal.30 M2 Ball Bullets with a muzzle velocity of 274o ft/sec
were fired at the respective bomb targets at a distance of 90 feet. Ten
trials constituted one test. The targets were observed for action (low order
detonation, high order detonation, smoke, burning or no action) of the
explosive charge.

41. Impact Sensitivity Tests - Tests were performed on the respective
explosives (Composition B, 70/30 Cyclotol and 75/25 Cyclotol) using the
Bureau of Mines Large Scale Impact Machine and special holders designed at
this Arsenal. The sensitivity as determined by these tests is the height
of fall of the 100-kilogram weight for which at least one action (smoke,
fire or noise) occurs in 10 trials but for which no actions occur (in 10
consecutive trials) at & height of fall 1/2 foot lower than the height at
which the action occurred. The test metal parts used were as shown in
Dwg PX-7-616 dated 9/22/49.
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TABLE III

Individual Velues of Depth of Penetration into Mild Steel Targets
at 6.5 Inches Standoff Distance by 105 -m M324 (T43) HEAT Shell'a

Loaded with Composition B, 70/30 Cyclotol and 75/25 Cyclotol

Explosive in Head CoupositionB 70/30 Cyclotol 75/25 Cyclotol
(Lot No.) (HoL-3-6) C(See Footnote) (HOL-E-5-l)

Depth Depth Depth

Inches Inches Inches

21.0 22.3 23.1

21,8 23.5 22.6

22.2 .21.1 23.3

21.8 21.2

22.3 21.8

23.0 23.1

23.1 22.1

22.6 22.1

22.8 21.9

21.2 21.9

2109

Average 22.18 22.04 23.0

a - Cones in these shell were of the same design as the steel cone shown

on Dwg 75-4-107L3 except that they were made of copper.
b 5 5 second nominal viscosity
C Made by diluting 75/25 Cyclotol (Lot EOL-E-5-1) with TNT (Grade I)
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TABLE IV

Rates of Detonation of 75/25 Cyclotol, 70/30 Cyclotol and Composition B
as Determined by Potter Chronograph and Drum Camera Methods

Method Rate of Detonation - Meters/second
Composition B 70/30 Cyclotol 75/25 Cyclotol

Diam Diam Diam
of of of

Density Stick Density Stick Density Stick
Rate gm/cc Inches Rate gm/cc Inches Rate gm/cc Inches

Potter 7800 1.6a 0.9b 7984 1. 7 0a 9b 8031 1.70a 0-6b
Chrono- 7769 " " 7922 " " 8047 "
graph 7740 " " 7831 " 8031 "

7937 " " 8031 "

Average 7770 1.67 0.9 7919 1.70 0.9 8035 1.70 0.8

Drum 7825 1 .6 9a 1 .0 c 7895 1 .69 8 1.b 7954 1.71a a .0c
Camera 7850 " " 7900 " " 7900 "S7796 "o" 7M8 7960 " "

Average 7827 1.69 1.0 7893 1.69 1.0 7938 1.71 1.0

a - Density was determined for a representative stick by water displacement
method

b- These explosive sticks were cast An cylindrical cardboard tubes (wall

thickness aprx .08") and fired this way

These sticks were not confined by cardboard tubing
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Jr-Fx3" j•OVII.G MOCU'D FIEINT
OBJECT CF FIRING: IM F.A-b-7145, -6845, -684?,

SpjiaTM f S .d - 6 and -6848
(Comp, 'ý,1, Du{algrar, w/:ue, 113, WATE OF FfMlUG 27 Sept. 1951
Dumny), (Comp. B, laL, bw.lgran, w/Fuse, FIRING RECORD NO. 144531
U510A, Inert.), (75/25 Cyclotol 1, , HELT I OF 12
(CDopd.r n, %/.uze, 11'51A5, neurte, SAL1ES FECID 21 Sept. 1951(CoN. 13, Y1, uigrz wPfe .,

M5lA5), (75/25 Cyrlotol Y1', Du•l•grar,
w/Fuze V'.D., L51A5) for/ m 15 FElowitaers

]ifr: Ficatinny Arseral
Lots: PA-E-7145, -6845o -6847, -6846# arid 6848.

iL'UR.SE OF TEST

The purpose of this test was to d&velope an Lmproved burstirg charge for the
105rdn M1 Shell, to deterrnr, whether this type ar•rmnition cai be flired safely and will
function properly,

AVT4HC0ITY

This test was autnorized by letter OhD1V•-T File Fo. 471.86/15-10 and ORDPI FILE
No. 471.1/227 received tlis teftion 22 Septe,-ber 1951 and fired in accordance with Test
Request Nom. 3252 ar.3ýA, Iicatinny Arsenal, dated 3.5 .3eptenber 1951 and telephone
conversation bctween Yr. H. C. Fotrstner, jefferson I roving Ground and E:r. Tweed, Picatinny
Arsenal, 26 September 1i51.

TSýT 'riOCurURE

?ifty (50) •a:@lcs, Lot FA-E-6845, Fifty (50) samples, Lot' PA-D-6817, and two hundred
(200) samples, Lot FA-r;-7T1 45 wnrc fired using propelling charge adjusted to give a
pressure of Prprox.A::tel:. 36,403 P.S.I., usig F1AI Powder, U, Lot IAJ-l5486. These rounds
were conditioned at 70°F for ty.,enty-four (24) hours and fired without appreciable change in
temperature. Raige ,,nd pressure was recorded on each round. Fifteen (15) samples, Lot
PA-F,-6845 and fifteen (15) samiples, Lot PA-Z-68'rwere conditioned at 4I1OOF for twenty-
four (24) hours and fired alternately without appreciable chanee in temperature. Pressure
and ranee was recorded on each round. Ten (10) samples, Lot PA-D-6846 and ten (10) saaaplee
Lot PA-E-684(wera conditioned at 70°F for twenty-four (24) hours and fired alternately
with ten (10) standard rounds without appreciable charge in temperature. These rounds
were fire, to 2900 .- rd field for graze impact. Velocity, pressure, range and functioning
was reporo on each round. Ten (10) samples, Lot PA-F-6846 and ten (10) samples, Lot

Ara-E-6&U were conditioned at -40OF for twenty-four (24) hours and fired alternately with-
out appreciable change in temperature to 2900 yard field for graze impact. Velocity, range,
pressure and functioning was recorded on each round. Ten (10) samples, Lot PA-E-6846 and ten
(10) samples, Lot !A-E-6848 were conditioned at +1250F for twenty-four (24) hours and fired
alternately without appreciable change in temperature to 2900 yard field for graze iapact:
Velocity, range, pressure and functioning was recorded on each round.

APPR(WED C. R. TEAI3OLDT BY ,
Lt Col, Ord Corps Capt, Ord Corps Proof Tech, •rd Corps
Commanding Assistant • Proof JArectos
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JLFFMSON P•CING GROLLD FhI3EGS
LOTS FA-iý-7345, -Ae'45, -6%47,

-6•46, and -6,48
DATE C? F1I2.G 27 sept. 1951
FIRIM? QhW-T'[ :,X 144531
, •T P. CF 12

Fired from 105mm How. L2AI rPo. 13103 ISfr: Chain 3elt Cc., 194¶
Tube 105,-. Now. 1Z:Al ?No,. 17966 kfr: Long Re'ich ! ac' ine :rks
Cerriaee 105im H 2A2 ?:o. 7799 11 r: Pullman Standard, !A4Recoil Mech. 105mm 1•2A1 Io. U846 Xfr: ;1rOn Jackson Cc. Y1h4

S tJ.a•ARY

Velocity 1'ressure PSI/100 ;arnge (Uds.)
NO, No0. o.

Temp. of Elev. of 1hds. a x. of Mds. IAx. of .Rds. "ax.
Lot ?'o. Auunition lils cons. Mean Disp. cons. 'fean D Cons. ".ean

FA-E-6845 700F 390 *47 367 29 17 9718 59
6845 7 0° 395 26 9777 75
6847 70oF 395 50 366 33 50 9805 183
7145 70 °F 395 50 373 47 49 9,53 259
7145 70oF 395 150 373 53 149 9909 275
6845 4160OF 415 15 382 18 13 9916 138
6847 4160OF 415 15 380 17 14 9899 154

Std. Rds. 709F 75 8 1550 8 10 336 17 10 2978 61
PA-E-6846 70o0 75 10 1544 12 10 330 13 10 2937 57

6848 700F 75 10 1543 10 10 330 6 10 2935 81
6846 -40O0 75 10 1509 12 10 262 30 10 2805 71
6848 -40OF 75 10 1505 14 10 265 18 10 2789 -69
6846 *1250? 75 10 1570 8 10 361 9 10 3066 69
6848 41250? 75 10 1565 i U 10 360 13 10 3048 65

* Three (3) rounds. were fired to establish charge.

III
S~C ONCLUSION

As a result of this test, both Comp. B and C;'clotc1 were found to be satisfactory
bursting ¢ argea for the lO5ms L1 Shell. All roands in this test fired safely and
functioned properly.
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JEFFERSON PROVMG GOUNfl.D FIRINGS
LOTS PA-E-7145, -6845, -6847t

-6M46, -6SI48.
BAIM ('7 MUM!, 27 Sept. 1951

,M-,ET I CIP 12

LOT A--7J5Standard Comupon~ents
.Fuze: 1173, Dumay, Lot 1M0P-7-15 !.!e '51U1 (inert) 'Axed

Cart. Case:91f 4 ,, Lot CB & C-24 Cart. Cp~se: '214, Procizee, 1'ixed

Primer- ).2832, Lot KOP-7-309 Pr imer- 1.2812, Lot Yc,F'-1O-92

Frojectile~ii.E, M3., Lot LAM'3r.479-97O Trojectile: V1, ODrP'-321

Foer: FMI, )F1, Lot FkAJ-15486 1 owdler: Lot :- .. s -17395. )
Filler: Comp. F, Lot !I0L-2-3

LOT FA-z-6845
Fuze: W51A5, (Inert) Lot, EA-Ur~known

Cart.* Case: Y'14p Lot V~ & C-24
I rir.*.r: P2Ti2, Lot KC,-1O-199
irojectile: H.h., L1, Lot GAT-l-1
I otder: Prop., Dualgun±, Lots P,'-3-36602(11, FA-2-3 6 502(SP),, 50 Rde. Ffl!, 1!., Lot !3AJ-15.4'6.

r illhr: Comp. n~, Lot HiCL-2-9.

Fuu- : -90 5, (Inert) Lot :-±ko:
C:,t. Ci--se: `14, Lot. C2 & C-24
Prixner: 121r'2, Lot KCa-10-199
Projertiie: !I.B., T*, L ot GA¶Z-1-1.
?a*,eer: Prop., "Dua1.-ran, Lots P,.-3-3,`%O2(!il-), VA-l-36532(or), 59 lids. FtKH, 1.1, Lot B.,J-3l5486.
F'iller- 75/25 Cclcotolf "U,-1-

Fuze: ;.n., .05 Sec. ' :.:51A5, Lct ý'A-502-74

Cart. Casc: 124, Lot C:; & C-;:'4
I-rive r: 1!2872, Lot KC-10-1C99
Projectile: i{.E., 12, Lot ý-ATL-1-1
Powder: Prop., Dualerar., L.cts YA-i3-36602(!tl'), FA-B-36502(SP)
Filler: Comip. B., Lot HaL,.-?

LOT IIA-Fo-6848
Fuze: Y.DX, .05 Sec. Delay, V51A5, ýot JA-502-74
Cart. Case: Z 4J, Lot CB & C-24
Primer: k.28742, Lot KOr-l0-199
Projectile: 11I.E., Ui, Lot (IAT-l-l

Powder rro;, rýwlgran, Lots PA-9-36602(LaP--60(P
Filler: 75/2 Cyclotol, Lot HOL-E~-5-1.

*Renovated from U48 Fuze.



J'lFFM3?l PROVING GROUND FIRINGS

LOT PA-E-6845
DATnE o FIIn 27 Sept.195
FIING o C0RD NO. 144531

(700F - Excess Press. ;'%o.) SlMST 4 0? 1?

Time Fuze moaa. Press Powdor

Round ý,'r. of . ----- anje PSI Ch.
No. i4a. Firi; 14 .•s1 et. Aot. Yds. 100 os. . Lot

Ga t5--0-•-e:'ds 31'3. 3124
31?5 45 01106 390 (inert) *010000 380 48.00 BAJ-15486
312S 39 0307 "i 10010 373
3127 67A 0303 10090 376
312,. 6a 9602 372 47.75 "

112n 3 10 ' "654 371
3130 13 0(11 M"S7 371 "
3131 23 C .,12 390 9744 372
31Z2 52 k 0113 "I 9722 36i
3133 1A flA4 I 9735 368
'3134 26 C'"1 " I 9703 359
7175 475 0'" 1 A " 9085 3F9
3'M 6 of- 1 i If 9717 364

1137 57 0,13 " 9722 376
•l6 61 0919 " 9700 366
3139 4 0320 " 9740 372 "
3140 37A CE,21 9703 372 IN

3141 11 0322 " 9728 371-
3142 SlA 0623 "I 9726 376

3143 212 0I2 f " 9710 365 If
3144 16 0I5 " 9717 368
"3145 iSA 0526 " 9714 365
3148 50 0827 " " 9714 369
3147 17 0829 "I 9728 376 "

3148 2 0929 395 I0809 372
3149 20 03!Cl I " 9*90 371
', 151 38 0831 "10 9752 367 If

3161 42 0832 "o 9787 366
3152 6 0033 " I 9802 371
3163 14 0334 "t 9763 369
3164 44 0'35 "I 9784 369 If

3155 34 0836 " 9752 363
3166 2 -Q 037 " "778 356
31i7 1a 0833 9302 3G4
315"a 41 0339 M" 973 384
3159 73 0640 " " 9734 347
3160 30 0641 I 9791 368

3161 59A 0842 " . 9749 362 If

3162 53A 0843 " 9794 367
3163 WM 0644 " 9793 .368
3164 36 0845 9731 372 "
3165 5 0846 9773 464

3166 48 0847 9779 $63

3167 33 0843 " 9775 366 if

3188 64A 0849 " 9762 359
3169 18 0850 " 9766 363
317) 0DA 0851 • 9742 367 if

3171 43 0662 " 97935 se ef

3172 243 0953 " 9779 372
5173 19 0854 9772 367
3174 3 0856 " 9765 373

** lstizated Rang.

Li



ozcFFO ON ?7-.MNG GROUND FIRINOS
LOT PA-6'L847
DATE OF FIRT143 27 Sept. 1961
FIRTINO RCOR) N-). 144531

1°F - lxoosc "roeso Phase) SflET 5 OF 12

Fusee yseas. Press Powier
fRoUnd 'tYr* or E ,l.. Ratauoe PSI Ch -"
1o. No. Firink; Vila •t. Act. Yds. 100 oss. Lot

3175 10,3 0856 395 Inert 9747 363 47,76 BAJ-15486
3176 10 ic 0856 of 9731 366 " '

3177 1363 0657 " " 9762 360 " I
.31798 1-AOdL 0857 of " 769 314 " "
3179 110 0858 " $1 975 363 " "
31.30 103C 085• " " 9760 367 o f
3131 . 1222A 0859 o f 9797 370 o f

3152 125 0859 of 9735 373 " "
3183 106 0900 of 9796 372 " "
,3184 131B 0900 " " 9772 371 o f

, 3185 ISA 0901 " " 9813 373 t o

3136 154A 0901 " " 9762 362 " "
3187 1133 0902 o f 9773 368 " "
3188 162B O92 OM I 9772 369 " "3139 17A 0903 t . 9791 366 " "

3190 11s 0903 ' " 9770 366 6 "
3191 134B 0904 " " 9779 365 " "
3192 108B 0904 t o 9767 366 t o
3193 153 0905 " " 9757 8", "

3194 159 J905 I f 9790 358 " "
3195 1411B 090f " " 9310 368 6 "
3190 156B 005 " " 9788 369 " "
3197 156C 0907 " " 9760 361 ' "

3191 1e5b 0907 o f 9793 371 t o

3199 1-3M1 0908 I f 9798 373 " "
3200 13CA )908 " * " 983r '"

3201 142 0109 "o 9949 369 to of

3202 1'7A 0903 " " 98#Vn 360 "4
3203 1ll 0911) "t to 97J0 346' If I

3204 14W. 091') it " 9834 370 " t

3205 111 0911 It to 9804 370 " "
3206 121 0t:11 t " 9804, 369 o f

3207 141C 0912 " It 9838 382 " "
3208 1010 - 0912 " "o 332 364 " "
3209 147 0:13 " " 9db,7 373 of a

3210 109 O913 P4 " 91 367 f "

3211 129C 0314 f " 9912 364 I t

3212 130A 0914 i f 9832 369 If If

3213 151 0915 " " 9833 370 ' "4
3214 132A 0915 t o 9836 364 " "
3215 157C 0916 n " 9832 354 1" of

3216 136d 091O W " 98 44 162 " "
3217 104A 0917 I f 9874 379 to of

321, 135 C917 " " 9869 372 " "
3219 120 0918 o f 9883 368 " "
3220 55A 0918 " ' 9820 369 " "
3221 102C 0919 " " 9903 356 " '"

3222 149A 091p "4 of 9859 363 " '"

3223 152 0920 I f 9830 338 " '

3224 133A 0920 " " 9834 356 " "

t - . .. li II Illl • . .• ....... Irl . .... . . . . , -: " ' . . . •'/ ' • • " .• . . ....



- -!
43MR01 PIRVIN GROND IRM LO PA-Z-7145

DATE OF FIRI.NG 27 Sept. 1951
FIRIVO RECORD NO 1445,11

(70? - Soe.s Presso. Phase) SM 6 of 12

Time meks. Prose _a___or

Round )Er. of Ele.v Fuze Jango PFBI Chr.-
No. No. Firint Mils 3ot. Aot. Yde. 100 o0so Lot

3225 253 1100 395 (inert) 9687 362 47.75 3AJ-IE486
3226 385, 1100 " 9719 344 'I

3227 249 1101 " 9840 374 U "
3228 369 1101 " " 9850 372
3229 201 1102 " 9855 375
3230 374 1102 " 9803 367 if

3231 293 1103. " 9832 343
3232 355 1103 " 9322 38q
3233 255 1104 " 9320 370
3234 2bS 1104 " B &85i 370 "

3235 270 1105 " 982S 371
3236 247 1106 " 9850 3ac
3237 295 1106 " " 9803 371
3238 279 1107 9816 370 "

3239 291 1107 " 9834 371
3240 228 lI0 " 9830 368
3241 345 11089 U 361
3242 30.4 1109 " 9826 367
3243 319 1110 " 9804 364
3244 391 1111 9814 352 if

3275 313 1133 9814 371 "
3276 236 U131 9835 371
3277 277R 1131 " 9385 383
3278 258 1132 w " 9793 374 " "
3279 216" 1132 9912 377 "
3230 536R 1133 " 9860 380

2521 381 1133 " " 9885 388
3232 230 1134 " " 9840 334
3283 233 1134 " 9901 376
32842 297 1135 " 9850 386
3285 204 1136 " " 9844 382
3286 220 1137 " " 9858 373
3287 224 .1138 9850 368
3288 360 1139 " " 9792 381 "

3289 316 1140 " " 9844 389

3290 347 11.41 " 68 385

V211 301 1141 " 9837 37i3

3292 39M£ 11#2 " " 9004 361 "

3293 364 1142 " 9 3V90 "

3294 367 1143 " "899 387

329S 2651 1143 .. 9933 379 " i

3896 3RO 1144 " 9862 376

3297 2,9 1144 * " 9870 371
3298 281 1145 " 9950 374 "

3299 590 1145 " " 990A 375

3300 252 1146 9978 374 "

3301 339 1146 " 9903 370 "

3802 332 1147 ' " 9942 377 "

3303 229 1147 " 9917 372 "

UN - Unobs.rv~d

' lllI _".:.. • +
., • a



Jý.;FtZ-R3i I:ROI?'u; GRJJUD FIR1N4G
LUJ? PA-i:-7345
DATz- OF FIRING 27 Sept. 1951
FIRING RXCCRD 1'. 144531

(70°F Ex3,!rs Prn.. 0 ?hnve S.L. • 7 0F 122

gia.e. Press PowdarRo'%rd Nf.r. olf iil v 'azo•:;• ? Chi;.

lic. ho. FIrine, aiij •jt. ,iut. Yid. 130 oz. Lot

3314 32.) 1143 35,• (kiert) 99)l 373 47.15 6AJ-15486
3 &).- 32Z 113 it " 93•10 35 43.,)0 "

33A6 339 11.1) If " )3d 3*0 " n

3307 3.51 114u " "3d0. 373 If if

33')8 3i4 115) o"f 9925 302 If

33M9 20.5 1160 " 9933 378
331C 310 1151 " Sf '7., "3 ?"
3311 373 1151 " ",.'17 38"
3312 2M5 1152 9892 366 8 I

3313 240 11i2 i "033 377
3314 333 1153 " "J1' 372 1",

3315 21 3R 1153 to 9375 377 It

331f 337 1154 9957 381 "
3317 350 1114 9372 383
3316 358 115r 9960 374
3319 262 11b5 It 9339 379 If

3300 343 I'E " 9900 376
3321 33 ll.? UN 389
3322 341 1 1 I 9862 376
3323 348 11!i8 If 9808 371 If

3324 208 1159 9875 379
3325 339 12V3 9877 385

3328 327 1201 " 9836 385
3327 213 1201 " 9852 . 334
3328 328 1202 9845 372 I "
3329 226 1702 I 9849 376, " I

3330 386 1203 9849 375
3331 332 1203 "9784 36& "
3332 239 1104 " T 98'50 379

3333 287 1205 f949 378 " I
3334 389 1206 9384 376 " I
3335 34a 1207 1 I 9868 375

333P 237 1209 " 9372 367
3331 341 1209 ":" 9354 358 "

.3333 324 1219 it 98,4 367

3339 321 1213 9837 363

3340 342 1211 " 9844 361 "

3341 372 1213 9" "7e 1172

3342 212 1214 9857 372

3343 300 1215 If 9914 373
3344 248 1216 o " b30 3"1
3345 222 121? 9850 375""

3346 215 1218 9874 373 I I

'3547 267 1219 I 9899 378 1 I

3348 227 1220 I 950 3,9 "9

3349 285 VP21 9912 376 H if

3350 206 1221 9901 372 # 9

3351 298 1222 I 9890 576 "

335". .214 1223 " 9912 380

3353 2921R 1224 9899 373 "

UN - Unabserved



JEM77RSON PROVING GROUND FIRINOb
LOT PA-3-7146

DATE OF FIRING 27 Sept.1961
FIRING R,.CORD 1C'. 144531

(0_- Exoesa Press. Phise S!10E3T 8 OF 12

Timo koas. ?ress Powder
Round Lfr. of A•I lv. F'az.e Rang.e ?I C1h. .
ho. No. Firint; kilJ 1 Set. Aot. Yds. 100 O. Lot

3354 372 1225 395 (Inert) 0928 375 48.00 BAJ-2'486
"3365 282 1225 9925 370

3356 250 1226 10031 372
3367 314 1226 9867 349 if

3358 294 1227 9938 373 if

3359 396 1228 9968 376
3360 284 1229' 9881 351 if

3361 251RR 1230 9906 372
3362 325 1230 if 9955 374 i "
3363 280 1231 9822" 336
3364 394 1232 9978 371
3365 290 1233 9968 374 "
3366 388 1234 " 9953 374 " "
3367 275 1235 9959 363
3368 315 1236 9939 374 "
3369 384 1237 9921 372
3370 362 1238 " 9968 374
3371 207 1?39 9985 371
3372 377 1240 10001 379

3373 356 1241 9985 372 "
3374 378 1242 10064 372
3375 234 1243 9928 354
3376 385 1244 10101 375

3377 383 1245 10083 380
3378 274- 124F 10051 370
3379 358 1246 9071 330
3380 279 1y47 9978 36"
3381 204 1248 " 9W66 366"
3382 273 1249 10001 375 " "

3383 242 1250 9941 378

3384 320 1251 9971 373 " "

3385 211 1252 990- 372

3386 203. 1253 9914 379 "f
3387 328 1264 9899 371

3386 368 1255 9888 376

338,9 312 125 " 9899 380 Sa

3390 21ORR 1256 9897 378

3391 393 1257 9899 375 "f

3392 3S7 1258 9899 377

3393 303 1259 9926 3S753393 10 10 990F 31'3 "
3394 358 1300 9910 373
3395 357 1301
3396 398 ,302 9916 376

3397 349 i303 9037 3e9

3308 383 1304 9905 376 6

3399 28W 1305 9912 366

3400 257 1306 9926 369
34Ji 263 13S;* 9?50 3C7

3402 235 1308 9918 384
3403 218 1309 9936

3404 352RR 1310 9931 377



JaFFEPO-N PROVING GRDUNqD FIRING,,
VjT PA.-E-'145
DATA 0P FIiih1NG 27 Sept. 1961
KI-n.4 %.X371) 1;. 14453

J70'? .?ij 'e", 9 OF 12

Timo iii~a. 2Irezao '.o

Round lir. of .lav, F.u I-!- Range Ali I
H;o. No,. Firin:" U!I 1 t. Act. Yds. I00 o&C, L V.

3405 397 1311 395 (Inert ) 9921 30D 4C000 3A,-l ;,,A6

3406 379 1312 " H 9886 3S7 t "

3,107 392 1311 " 9931 37u n t

3408 361 ' 1314 o " 9931 360 to
3409 2 54 131b " i 9938 3V4
3410 353 1316 " " 9008 376 to

3411 231 1317 t 9926 370 to

3412 344 1318 9905 376
3413 299 1919 " o 9921 371n
34114 271 1320 " 9905 376
3415 318R 1321 o "929 376
3416 288 1322 " of 9144 377 to of

3417 356 1323 it s"il 376 t "

34'16 236 1324 " " a926 37 "
3413 299 1325 " " 9953 37: " "
3420 283 132r to 9V16 36C
3421 317 1327 t i#9923 37a n

3422 400 132 f " 9926 368 " TV

3'2,1 243 1320 " 9936 377 " o
3124 ' 16R 1330' " " 9893 375 " t
3425 269 1331 9891 374 "
3426 333 1332 it 9U60 342. "

3427 375 1333 " I 9971 376 " "

3428 305 1334 " " 9947 375 " "

3429 362RR 1333 " . " 9899 375 of

3 31 376 133! " o 9936 332
3431 217 1337 " 9916 379
3'.32 331 1336 it 98813 372
3433 311 133. of 9899 370 " t

Z03-1 241 1340 " 9884 374 to
3436 245 1341 " 9950 370 to

3436 371 1342" 9854 367 to
3437 248 1343 9891 370
3,0.8 238 1344 "9t16 379
3439 323 134b 9928 378
3440 379 1346 9841 358
3411 266 1347 9842 368
3442 223 1348 o 9891 370

3443 399 1349 9868 364

3444 370 1350 9863 365
3445 296 1351 9893 376
3446 209 1352 9870 364
3447 221 1353 9836 366
3446 302 1354 9864 371 I'

3449 366 1356 9899 374 if

348) 276 1356 8 9903 367
3451 260 1357 9912 386 8f

3452 3071 1358 "9866 374
3453 244 1359 9884 370 a "

3454 202 1400 9897 377 to

L £ ,



i. -"• • • ' . . . . .. .. . .•• . •. . . .

JEFFERSON PROVING GROUND FIhRnM LOTS rF-r.,-6A45,, and -01%7
DATE O ?IrDG 27 eqpt. 1951

(2460 Phase) FflING VECOIP C. IL.531
SIDE 10 OF i2

?im Hoal. Preso Powder
Round mfr. of 9l4,. Fuse nvge PSI Chg.

Nog Not. Firing IU1l, S7 .=et, Yds. 100 21 o1. Lot
LOT PA-&-6845

3245 35 1115 395 Inert 9662 3%6 44.o62 pA~_3An6)02,.'!),,
3247 53 1116 405 9680 387 36o502(P)
3249 62A U17 .415. 9864 377
3251 *49A 1118 9917 389
3253 32A 1119 " 9896 376
3255 12 1120 • 9975 385 It
3257 63A 1121 9939 385 it
3259 46A 1121 N " 9908 389 " I
3261 9A 1122 " 98J72 380 to o
3263 31 1123 " " 9968 380 of
3265" 40 1124 " " 9901 378 to
3267- 25 1125 N " 9956 379 of
3269 56 126 " " 9910 383
3271 '28B 1127 to 9137 371
3273 22 . 1128 N " 9962 378 I t

LOT FA-E-6847
3246 145 1115 405 Inert 9668 378 44.66 PA-q-%3U602(P
3248 112 . 1116 415 N 9841 330 36502(3P)
1250 124A 1117 N 9880 391 Is
3252 117A .1118. " 9868 374 "
3254 146 1119 N " 9880 384 "
3256 126 110 "" 9947 378
3258 128 1121 9968 383
3260 161A 1122 " 9878 378
3262 1163 1123 N " 9920 379
."264 164C 1124 N " 9870 390
3266 144 1125 9928 384 "
3268 1.43 31126 I t 9953 378 It
3270 104B 1127 N " 9814 378 11
3272 118 1128 A 9872 378 A9
3274 123 1129 N " 9962 384 "



JL-'EMrZC IPCV'C. C.ROUIrD FtIn;OS
LwTS 'A-L-6446 and -6M8
DA;IS C FIRI1:3 27 OePt. 1951

(70OT Phase) rITrIMt~CCRDf NYC. 14145M
- sF.M • 11 07 12

Time Velocity Feas. Freu. Sowder
Round /fr.r of Elov. Fi.e k u1ze -'na e ?'31 Chgo! , ,' o tU .o ý .F i r i n g : ,Y i l s 3 1, t .'h p_.

Samt, ,,ct. Y.qrds W Ogg . Lot
Conuci~ti. •.Ar o Rl, As; Ao,:u'rs Y..5, 3.5e,, ,.t4 3057.

3458 1454 75 1555 2952 340 44.31 BAJ-15486
3461 1456 " Lost 2952 336 "
34 t4 1457 " Lomt k?95. 326 " "
3467 1500 "t 1541 .976 335 -
3470 1503 " 15•. 3013 33? It
3473 1505 1 1550 2971 336
3476. 1507 " 1547 2997 336 " "
3479 I;IC " 1551 Z1?91 343
3482 1513 " 1549 2973 ?38
3485 1515 " 1547 3000 332

LOT PA-E-6846
3459 67 1454 75 .' So. 1546 2912 325 44.-66 PA-P-36602(MP)
3462 89 1456 " " " 1542 2909 333 "1 36502(SP)
3U,65 77 1458 " " 1539 291,' 329 I "

3468 79A 1501 of" " 1542 2952 321 .11
3171 81. 1504 " " " 1545 2966 334
3474 82 1506 f " ". 1541 2926 333 " "
31.77 POA 1508 1?" " 1547 2924 332 to
3480 91A 1512 of " " 1551 2952 334 I f
3483 66 15114 " " " 1505 2n47 3`3 3
34"'6 83A 1516 It " " 1539 2935 328 it

LO %-Z-6948
3460 191n 1455 75 ... S."-. 1537 2885 :'326 44.66 PA---36602(TP)
31.63 176A )A57 o f " 1546 9419 331 36502(,P)
3466 1833 1459 " " 1545 2966 332 " t
•3469 195-3 1502 I' " 1540 2922 330 of
3472 167C 1505 " o 1539 2949 332 if
3475 169C 1506 " " " 1543 2933 330 " I
3478 168C 1509 " "t 1539 2915 329 " I
34P1 193A 1513 o " " 1547 ý 949 331 " I
34M 175A 1515 a of 1546 2920 328 " "
3447 16613 1517 " " 1543 2961 332 " o



JKFF!ESC1! Pi'VEA GROVTD FIRINGS w)r FA-z-6846 and -6W
DA.E (. Fn7.I!G •7 Sept. 1951

(-A40O Phase) S;.12 OF 12
Tiie Velocity ees,. Iress Powder

Round \r V, 6f Vv. Fuse lvuzztle "anre IPS! CIh.
:0o. •Io.__rj irl "ijs "t. ;--. ',/ ' !ards Ta ors. Lot

341^8 93 1518 75 So:. 1.50. 2507 2785 270 L4.66
31,31) 9L 154C. " " 1,O4 2775 247-
34> 7r 1522 e : " %'7 270 272 S"

73 1523 " 1 " 1516 2793 263
3L 9 S t 1524 " " " 1507 2770 277
3U91 7), 1525 " " 1509 2833 276
?5(1 68 1527 " " " 1505 2,107 Z53. "
3502 92 1528 " " " 1508 2828 255 "
3504 70 1530 of " 1512 i8ti 25. "
3506 72 1531. " " " 1514 2824 253 "

LOT IA-.-684n
3481 189 1519 75 S.:4. S. 4. 1505 2"790 271 44.66 rA-"!-36602(LP)S343 185D 1521 " " N 1503 2780 265 36502(Si)
3493 1 ',T 1522 N W..p 1508 2770 273 " "
3495 19nB 1523 " " • 1502 2759 26I "A

34•A7 17 " 1525 N " * 1509 2802 267 " "
3,99 1 84. "1526 o N N 1502 2765 265 " "
350. 188 1528 o f N 1•06 211.4 255 " "
3503 1 .529 " " 1496 2765 262 " "
3505 173A 1530 " " " 1510 2819 256 "
3507 182 1532 N " " 1508 2,28 273 " "

LWT PA-E-6846 (125°Fhase)
350e 93 7 5.7 75 S.1. S. . 1571 3063 363 44.66 F,-,-36602(YPý
3510 90 1541 " o " 1568 3106 364i " 36502( 1f)

*3512 95 1502 " " " 1571 3037 365 " "
3514 86 1544 " N " 1568 3049 365 " "
3536 69 1545 " " "I 1570 3055 359 " "
3538 76 154( N N " 1574 30760 359 " 1
3520 71A 1.548 " " " 1563 3055 357 " N

3522 84 1549 " N 1 1566 307?6 362 "o

3524 87A 1550 " " *" 1577 3080 356 to
3526 78A 1!51 " N " 1563 3059 360 " "

LOT PA-E-6848
3509 194C 1540 75 S.4. S.). 1568 3076 353 44.66 FA-13-36602(1-.
3511 186C 1542 " N f 1563 3027 354 " 36502(SP)
3513 '1700 1543 " " " 1570 3043 365
3515 177C 1544 " N 1563 3034. 363
3517 174 1546. " N 1565 3046 366 " "
3519 184B 1547 ." N •1565 3055 363 " "
3521 180B 1548 N N N 1569 3063 366 " "
3523 171D 1550 N N N 1566 3034 357 " "1
3525 1871 1551 N N " 1559 3019 355 " "
3527.-179B 1552 NN 1565 3037 361 of II

Gun Crew Foreman: Thoms E. Earls
Observers: Chauncey 0. Craven@ and Charles M. Robertson,

O ThIA sample showed Sample No. 190 RWRRR
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